The subband structure and band-to-band optical matrix elements are computed for serpentine superlattice quantum-wire arrays. The subband dispersion and bandwidths are examined as a function of the curvature of the confining barriers and of the barrier height separating the wires. The optical matrix elements show a strong polarization dependence, even when the coupling between wires in the array is sufticiently strong that the states are not quasi-one-dimensional.
INTRODUCTION
The confinement of electrons and holes to quasi-onedimensional structures holds the promise of interesting physics. One method of fabricating nanometer scale wires has been the tilted superlattice (TSL), produced by epitaxial growth on a vicinal substrate. ' A variation on this structure has shown strong optical anisotropy, which has been interpreted as indicating two-dimensional confinement, although the measured and calculated anisotropies are at odds with one another. The TSL sufI'ers from the problem that the cross-section geometry and the coupling between wires in the array are highly sensitive to the growth rate. This makes it dificult to control the geometry and electronic properties of the resulting structure. Recently a structure was proposed that overcomes these difficulties and holds the promise of allowing the fabrication of uniform and controllable quantum-wire arrays. This structure, the serpentine superlattice (SSL), is insensitive to uncertainties in the growth rate because the rate is intentionally changed.
A cross section of the SSL wire array we will consider is shown in Fig. 1 . The wells and barriers consist of GaAs and Al"Ga, As, respectively, and the barrierwell interfaces are parabolas displaced in the y direction. Confinement in the y direction is provided in the usual manner by the potential barriers. The confinement in the x direction, however, comes about because the parallel displaced parabolas produce a narrowing of the well. As one moves out along the parabola the perpendicular distance between barriers decreases, and the carriers are thus confined to the regions at the bottoms of the parabolas where the wells are widest. While the electronic structure of quantum wires has been extensively investigated theoretically, ' the structures usually considered rely on confinement by a potential barrier on all sides. The confinement in the SSL warrants another look at quantum wires.
For the purposes of calculation, the SSL will be idealized to depend on three parameters. The first is the curvature of the parabolas, which aQ'ects the confinement in the x direction. In this paper the curvature will be parametrized by q, where y = -, 'qx The outermost contour is 0.1 of the value at the peak.
The most graphic demonstrations of the SSL are the electron wave functions shown in Fig. 2 Figs. 3(a) and 3(b) . Here, energies are given with respect to the conduction-and valence-band edges in the well. We see that the conduction subbands along the wire are parabolic, while in the y direction (along the wire array) the subbands are nearly fIat, indicating nearly decoupled wires with a maximum subband spacing of 29 meV.
The hole subbands display much more structure, with highly nonparabolic dispersion along the wires. Also, due to the breaking of inversion symmetry at nonzero k, the hole degeneracy is split. The valence subbands in the y direction are Aatter than those for the conduction band. , rejecting the fact that the higher hole mass leads to less coupling between the wires. The higher effective mass also decreases the maximum subband spacing to only 4 meV.
The effects of the geometry may be seen by examining the conduction subband energies as a function of the curvature of the parabolic potential profile. In Fig. 4 At the far left of Fig. 5(a) we have xb"""=0. 4 and x,&&=0.4, which due to the cladding layers is simply a quantum well. As xb""" increases x, && decreases, and we begin to see two-dimensional confinement.
At xb"""=0. 55, corresponding to a barrier height of 416 meV, the two lowest conduction subbands become nonoverlapping and the states may be said to be wirelike.
For xb""") 0.55 the width of the lowest subband is & 10 meV, while with perfect Al segregation the bandwidth is approximately 2 meV.
The situation for the valence subbands is much better. As can be seen in Fig. 5(b It is interesting that the polarization dependence is so strong. While optical anisotropy is expected in quasione-dimensional systems, it is interesting that the polarization is so strong for weak confinement. This is in large part due to the relatively good confinement for the hole states, upon which the anisotropy depends. However, the P; 's also show strong anisotropy for structures in which the bandwidths are large and even overlapping. This indicates that one must be cautious in interpreting optical anisotropy as a signal of two-dimensional confinement as the anisotropy may be brought about by small modulations of the hole wave function.
The strong optical anisotropy fo the SSL might seem strange in light of the calculations of Citrin and Chang, who found only weak polarization for the structure of Ref. 2, in which a TSL was coupled to a quantum well (TSLQW). However, it is important to recognize the differences between that structure and the SSL, and we must examine how the wires are coupled since this deterrnines the transition from a quantum well to decoupled wires. In the TSLQW the wires are connected by channels of GaAs, and 
